Abstract In this study we validated intraoperatively the analysis of polymorphonuclear leucocyte frozen sections for diagnosis of infection in hip and knee revisions. Between 1996 and 2002 we examined sections and cultured periprosthetic tissues in prosthetic revision in 170 cases, including 146 cases (83 hips and 63 knees). We assessed sensitivity (SE), specificity (SP), positive predictive value (PPV), negative predictive value (NPV), Youden index, positive likelihood ratio (PLR) and negative likelihood ratio (NLR). We compared intraoperative findings and paraffin-embedded samples. The results in the knee group were SE=66.7%, SP=89.7% [95% confidence interval (CI)], PPV=81% (95% CI), NPV=81.4% (95% CI), Youden index=0.56, PLR=6.5 (95% CI) and NLR=0.4 (95% CI). In the paraffinembedded samples the results were SE=91%, SP=87% (95% CI), PPV=81% (95% CI), NPV=94% (95% CI), PLR=7 (95% CI) and NLR=8.7 (95% CI). We found a significant difference. The results in the hip group were SE=50%, SP=100% (95% CI), PPV=100% (95% CI), NPV=94.9% (95% CI), Youden index=0.5 and PLR=0.5 (95% CI). In hip and knee prosthetic revision surgery the presence of polymorphonuclear cells correlates with infection, but their absence does not exclude it. It is a quick and inexpensive test that should be included in the diagnostic protocol in revision surgery. Level of evidence: diagnostic Study (investigating a diagnostic test), level I. See instructions to authors for a complete description of levels of evidence.
Introduction
Diagnosis of infection in prosthetic revision surgery is of paramount importance. Revision of implants, debridement, antibiotics and one-or two-stage prosthesis implantation should be done [19] . Other alternatives include acute debridement, antibiotic suppression and resection arthroplasty. The treatment of aseptic loosening allows implantation of a new prosthesis during the same surgery. The relatively high rate of infection (5-10%) in revisions [7] compels us to make a differential diagnosis of infection before implantation of a new prosthesis.
For preoperative diagnosis, we use the history (pain, drainage), laboratory analysis [erythrocyte sedimentation rate (ESR), protein C, blood count], radiology, nuclear medicine and synovial fluid analysis. Nevertheless these tests show low confidence levels [14, 16, 23] .
For intraoperative diagnosis, we rely on the appearance of periprosthetic tissues, Gram sampling and articular fluid analysis. They also show low confidence levels [7] .
It has been shown that histological examination of periprosthetic soft tissue has high sensitivity (SE), specificity (SP), positive predictive value (PPV) and negative predictive value (NPV) [3, 11, 17, 25] . Inflammatory foci with polymorphonuclear leucocytes in periprosthetic interfaces correlate with infection, and although this has been questioned [10] , it is generally accepted. We assessed the validity of intraoperative frozen sections.
Materials and methods
We made a cross-sectional study where the results of 146 cases in 146 patients (83 hips and 63 knees) were collected prospectively, representing the entire hip and knee revision surgery cases between 1996 and 2002 with complete data. We have excluded 24 cases with incomplete data. All patients received intraoperative antibiotic doses. Three intraoperative soft tissue samples were taken at the beginning of the procedure with a scalpel blade, choosing highly suspicious or inflammatory areas. Half of the samples were sent for culture to the Microbiology Department (general microbiology, fungus and mycobacterium cultures) in a sealed container in the operative field to avoid contamination. They were cultured on blood agar, chocolate agar and CNA-MacConkey at 37°C for 5 days, for fungus, on Sabouraud medium at 35°C for 7 days and for mycobacterium on Lowenstein medium for no more than 8 weeks. It was considered that the culture was negative if no growth was seen in 10 days for general bacteria, 4-5 weeks for fungus and 8 weeks for mycobacterium. It was positive if any colony growth appeared during the mean period.
The other half of each sample was sent to the Pathology Department for examination. The most suspicious areas were processed. The sample was frozen in liquid nitrogen, cut and dyed with haematoxylin-eosin. Once under the microscope, five low-power fields were selelected (the most inflammatory). These areas were examined at high power (×40), considering the sample negative when less than ten polymorphonuclear cells per high-power field were found in any of the selected areas (Fig. 1a) and positive when more than ten polymorphonuclear cells were found (Fig. 1b) . In the knee group the rest of the samples were examined in paraffin and dyed with haematoxylineosin in the postoperative period.
Statistical methods
The results of intraoperative frozen sections and intraoperative cultured samples were correlated (considering culture as the gold standard) to calculate the SE (relation between true positives and the addition of false negatives and true positives), the SP (relation between true negatives and the addition of false positives and true negatives), the PPV (relation between true positives and the addition of true positives and false positives), NPV (relation between true negatives and the addition of true negatives and false negatives), Youden index (SE-SP+1), positive likelihood ratio (PLR=SE/1-SP) and negative likelihood ratio (NLR=E/1-S). This type of study was performed to assess the validity of a diagnostic test (intraoperative frozen sections). We also correlated the results of frozen sections and paraffin sections in the same samples in the knee group. We calculated the chi-square test, looking for statistical differences (p<0.05). We calculated the confidence interval for all of the parameters (95% CI).
Results
We divided the results into two different groups: the knee and the hip revision group. In the knee group, we had 63 cases of knee prosthesis revision (62 total knee and one unicondylar knee replacement) with a mean age of 73 years (63-89); the male/female ratio was 19/54. In 24 cases, the culture was positive and in 39 it was negative. The infection rate was 38.1% (37.2-39%). All of the results are shown in Table 1 . The statistical results were: for the SE 66.7% (95% CI: 64.5-68.8%), for the SP 89.7% (95% CI: 88.4-91.1%), for the validity index 81% (95% CI: 80.1-81.8%), for the PPV 80% (95% CI: 77.4-82.6%), for the NPV 81.4% (95% CI: 80.2-82.6%), for the Youden index 0.56, for the PLR 6.5 (95% CI) and for the NLR 0.37 (95% CI). In the knee group we correlated the results of the frozen sections (intraoperative) and the paraffin group (postoperative) to assess the accuracy of the frozen section analysis to determine the amount of polymorphonuclear cells in the samples. We found statistically significant differences between the two groups (p<0.05). There was an increase in the SE of 25%, diminishing the SP in 3%, increasing the PPV in 1% and diminishing the NPV in 13%.
In the hip group, we had 83 cases of hip prosthesis revision with a mean age of 74 years (61-86); the male/ female ratio was 29/54. In eight cases, the culture was positive and in 75 it was negative. The infection rate was 9.6% (9-10.3%). All of the results are shown in Table 2 . The statistical results were: for the SE 50% (95% CI: 43-56.5%), for the SP 100% (95% CI: 87.5-100%), for the validity index 95.2% (95% CI: 94.6-95.8%), for the PPV 100% (95% CI: 87.5-100%), for the NPV 94.9% (95% CI: 94.3-95.6%), for the Youden index 0.56, for the PLR 6.5 (95% CI) and for the NLR 0.37 (95% CI).
Discussion
Diagnosis of infection in hip and knee arthroplasty is not accurate. This fact makes it difficult to decide the correct protocol in revision arthroplasty, since it is mandatory to know for sure if the loosening we are revising is septic or aseptic [7] . It is essential to find a valid diagnostic test. Preoperative tests (protein C, ESR, radionuclide images, blood cell count, X-ray, physical examination) are not conclusive [1 ,7, 20] . Some intraoperative tests have the same restrictions (Gram, tissue appearance and synovial fluid analysis) [7, 23] . We need a reliable test to detect prosthesis infection. Many authors give excellent validity to the intraoperative frozen section examination [3, 11, 24, 25] ; nevertheless, we have found some controversy [7, 8, 10] . We reviewed our series of patients to reach reliable conclusions in our daily practice.
We validated a previously developed diagnostic test in a group of consecutive patients (with universally applied "gold" standard), so the type of study is level I (level of evidence). Both tests were done by different, independent investigators who knew nothing about the study. These were also different from the investigators who designed the study and treated all the patients of the group. The statistical analysis was done by an independent person.
There were 146 cases. We included all patients who underwent hip or knee arthroplasty revision surgery during the period studied, so we do not have selection bias. The intraoperative sample examination (pathologists), the culture (microbiologists), the statistical analysis (epidemiologists) and the surgeons were independent of one another.
In the first part of the work, we assessed the validity of the frozen section examination comparing intraoperative results with postoperative final culture results. We need to know for certain that the prosthesis will be implanted in a non-infected field. If the test we use shows infection (positive test), the infection should exist (positive culture), so the test would have no false positives. That means that we have a test with high specificity. That will enable us to use the protocol of infection arthroplasty in all of the infected patients. This is a good point, however, if a noninfected patient is treated as an infected patient (increasing false positives diminishes the specificity) this is a bad situation. The key during revision surgery is that the noninfected patient should have a negative test and false negative cases should not exist, indicating that the sensitivity is very high. It would be catastrophic to treat an infected patient as a non-infected one because the test used was negative (false negative, because the postoperative culture will reveal the infection). Although we need a specific test, the goal is to have a very sensitive test. In the knee group the specificity is acceptable (>75%), but the sensitivity is not good enough. The PPV and the NPV are acceptable and similar to the results found in other series (Table 3 ). This lack of correlation among SP, SE and predictive values results from of the relatively low prevalence of infection in this group. In the hip group the specificity is very good (>75%), but the sensitivity is not good enough. The PPV and the PNV are very good and similar to the results found in other series (Table 3) .
These not very enthusiastic results are similar to others [2, [8] [9] [10] 22] and differ from better results in other publications [3, 11-13, 15, 17, 24, 25] . There is con- Total  Positive  TP=4  FP=0  4  Negative  FN=4  TN=75  79  Total  8  75  83 troversy over the validity of the frozen section examination to diagnose infection in revision surgery. Our results of SE, SP, PPV and NPV allow us to validate or not to validate the frozen section test in our hospital and with our patients. Our relatively low prevalence of infection influences the results (9.6% in the hip group and 38.1% in the knee group). To eliminate this influence, we calculated the likelihood that is not prevalence dependent.
In the knee group the PLR was 6.5, which is a good result (good results are considered when the PLR is over 5). The NLR was 0.37 (good results are considered when the NLR is below 0.1). In the hip group, the PLR was infinite (because the specificity was 1) and the NLR was 0.5.
We can conclude that intraoperative examination of polymorphonuclear cells in frozen section samples in hip and knee arthroplasty revision surgery is highly reliable, and when the test is positive the arthroplasty is infected. However, when it is negative, we cannot rely on the test. So our goals have not been achieved, leaving us in doubt when the test is negative. For the decision, we should keep in mind the results obtained in the other preoperative and postoperative tests.
We found differences between the hip and knee groups. The sensitivity is higher with statistical significance in the knee group. In contrast, the specificity is statistically higher in the hip group. As others have reported [6] , we do not know the reason for that.
To assess the quality of frozen section tests, in the knee group we compared the results of the intraoperative test with the histological examination in paraffin postoperatively. We found an increase in the sensitivity from 66.7% to 91%. The specificity decreased by 3%. The PPV increased 1 point and the NPV increased 13 points. The PLR was 7 and the NLR was 0.11 (p<0.05). Better results, nevertheless, it is not possible to perform the paraffin test intraoperatively and although valid is not useful for intraoperative diagnosis. The quality of frozen sections is lower than the paraffin samples. Only a few publications found identical results when comparing frozen sections and paraffin [11] . In our study we found increasing SE and NPV (p<0.05), which indicates that paraffin is more accurate, as have others [25] . We found higher infection rates than others, with general positive tests below 10% [7] .
Differences appeared among authors. The culture of intraoperative samples, the gold standard, has false positives secondary to sample contamination and false negatives in patients treated with an antibiotic preoperatively [18] . Our cases received intravenous antibiotics at the beginning of the surgery according to our antibiotic prophylaxis protocol. We do not know if this fact has increased the rate of false negatives (diminishing the rate of positive cultures).
In the first publications of the 1970s, authors described a qualitative histology difference between the inflammatory response in aseptic loosening and the response observed in the aseptic loosening [4, 5] . In retrospective reports, offering quantitative data [21] , intervals ranged from five [11, 17] to ten [7, 8] per high power field. This carries a statistical consequence: the fewer the number of cells needed for diagnosis, the greater the sensitivty will be. So the goals for the test would be achieved. This may be the cause of the low sensitivity of the test in this review.
The place where samples are taken exerts an influence; they should be obtained from highly suspicious areas and divided into two fragments, one for culture and the other for histology. The distribution of polymorphonuclear cells is heterogeneous. So the first examination of the sample in a low-power field is the key to finding the inflammatory areas for diagnosis [25] . No evidence has been found of a correlation between other groups of inflammatory cells and infection [25] . Most authors did not obtain significant differences of validity between groups, with the exception of Banit et al. [8] .
The conclusion reached is that the analysis of polymorphonuclear cells in frozen section samples of periprosthetic soft tissues examined with the criteria established in this work is a reliable test for the diagnosis of septic loosening when the test is positive. If the test is negative, the final decision of the surgeon will rest not only on frozen section analysis, but also on other preoperative and intraoperative tests. It is a quick test and we recommend it for the protocol of diagnosis in prosthetic revision surgery bearing in mind its limitations. For future studies, we are planning to decrease the required number of polymorphonuclear cells necessary for the diagnosis of infection in order to increase the sensitivity.
